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Abstract
Home-grown protein crops as an alternative to soya in dairy cattle meals, as well as
other sustainable ethical-based practices, have been proposed to increase the
sustainability of dairy production. Data on consumer acceptance of the three novel
sustainable production strategies of ‘agroforestry’, ‘prolonged maternal feeding’ of
young cattle and ‘alternative protein source’ were collected through an online survey
on consumer in six European Union countries: Austria, Belgium, Denmark, Finland,
Italy and the UK. Using Chen’s extended version of the Theory of Planned Behaviour
model, the underlying model hypotheses on the attitudes and intentions of these
consumers towards these production practices were tested, to establish the
explanatory power of the model in the specific context of novel sustainable
production strategies. Furthermore, the influence of gender and consumer ethical
choices on their attitudes towards these innovative practices was also tested. These
data show that ‘prolonged maternal feeding’ is the novel production practice that
has the highest level of acceptance by consumers in all of these countries, with the
least accepted practice as ‘alternative protein source’. Unexpectedly, increased
availability of home-grown feed, which is grounded on both farmer and societal
interests for higher input self-sufficiency and more sustainable production practices,
was little appreciated by consumers, although their intentions appear to be
dependent on their moral norms.
Keywords: Sustainable dairy farming, Animal welfare, Alternative feed, Organic and
low-input farming, Consumer acceptance
Introduction
Innovation in an increasingly globalised dairy market is an essential strategic tool for
the dairy industry to achieve a competitive advantage (Jordana 2000; Bishop 2006;
Kühne et al. 2010; Almli et al. 2011). However, not all innovation impacts upon con-
sumers in the same way. Product innovation, such as new products or new packaging,
are more easily noticed by consumers than, for example, process and system innova-
tions, which are more difficult for the consumer to understand unless they are embed-
ded in specific quality cues (Grunert 2005). Also, innovation in traditional sectors like
dairy farming can be a cause of cognitive dissonance, because consumers tend to reject
© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit
line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
Agricultural and Food
Economics
Naspetti et al. Agricultural and Food Economics             (2021) 9:1 
https://doi.org/10.1186/s40100-020-00175-z
innovations that can be perceived as altering the authenticity of traditional foods
(Almli et al. 2011).
Previous studies have shown that consumers tend to accept processing-technology in-
novations on the condition that they do not modify the intrinsic attributes of the prod-
uct (Guerrero et al. 2009). Most studies have investigated the introduction of product
innovation (e.g. packaging, labelling, ingredients; Luce et al. 2000; Onwezen and Bartels
2011; Vanhonacker et al. 2013), while fewer studies have concentrated on process inno-
vations, the most ‘popular’ of which are genetic modifications and nano-technologies
(Grunert et al. 2001; Verdurme et al. 2003; Anderson et al. 2006; Sodano et al. 2016),
along with organic food (Napolitano et al. 2010a, b; Bjorklund et al. 2014).
The goal of the present study was to examine consumer perceptions of selected inno-
vations in organic and low-input dairy systems. This study forms part of a larger
European-funded project that is aimed at enhancing the competitiveness and environ-
mental sustainability of these systems. Among process innovations, we focus here on
‘grassroots innovations’. These are defined as ‘novel, bottom-up solutions for sustain-
able development’, brought forward by a network of activists and organisations
(Hermans et al. 2016). Among these sustainable strategies and solutions, sustainable in-
tensification and agroecology in ruminant farming systems have been proposed as eco-
logically benign, socially fair and economically viable (Dumont et al. 2018). Similarly,
organic and low-input dairy farming has been shown to reduce environmental harm by
reducing external input use (Scollan et al. 2017). In general, strategies involving sustain-
able farming practices have been proposed as process innovations to reduce the impact
of dairy farming on the environment and to increase animal welfare and social accept-
ance of the dairy sector (Padel et al. 2015).
Building on innovations identified in earlier studies of consumer acceptance of farm-
level innovations and innovative practices of dairy farmers (Nicholas et al. 2014;
Mandolesi et al. 2015), the present study thus explored consumer preferences towards
selected novel sustainable farm-level practices in the dairy supply chain. These innova-
tive practices were designed to address wider issues of sustainability of dairy farming,
and they were focused on the following:
– Feeding of ruminants with forage-based diets and home-grown feeds
– Animal management for health and welfare
Specifically, the following three practices were selected after extensive qualitative pre-
liminary research and analysis of stakeholder involvement (Nicholas et al. 2014;
Mandolesi et al. 2015). They represent potential solutions to increase the competitive-
ness and sustainability of the organic and low-input dairy farming supply chain:
 Agroforestry. Integration of animals (i.e. cows, sheep) and trees on the same plot of
land
 Prolonged maternal feeding. Calves and lambs are allowed to suckle directly from
their mothers (or a foster mother) for the first 3–5 months after they are born.
 Alternative protein source. Use of home-grown protein crops, such as lupins, beans
and peas, as animal feed.
Naspetti et al. Agricultural and Food Economics             (2021) 9:1 Page 2 of 26
Theoretical framework and hypotheses
In the relevant literature, all of the proposed models that deal with the acceptance of
innovations by consumers derive from the Theory of Planned Behaviour (TPB), as pro-
posed by Ajzen (1991). TPB proposes four predictors:
 ‘Intention to behaviour’, which has a direct impact on a specific behaviour, and
which in turn is inferred by personal attitude, subjective norms and perceived
behavioural control
 ‘Attitude towards behaviour’, the attitude that an individual has to adopt or not
adopt a specific behaviour
 ‘Subjective norm’, the influence that the view of others has on an individual’s
choices
 ‘Perceived behavioural control’, factors that might facilitate or constrain the
performance of the behaviour
In the food sector, the model has been applied often to the acceptance of controver-
sial food production technologies, such as genetic modification. Bredahl (2001) ex-
tended the TPB model to food, particularly with regards to attitude formation. A
simplified version of the model was proposed and tested by Chen (2008). ‘Attitude to-
wards behaviour’ has further antecedents in ‘attitude to food produced by the alterna-
tive technology’ (Chen 2008) and ‘attitude towards the technology used in food
production’ (Bredahl 2001). The present model used the Bredahl construct in the speci-
fication of the structural model. This attitude is further measured by the ‘perceived
risks/benefits’ of the new technology.
This theoretical model has been used in numerous studies that have investigated the
acceptance of innovation among consumers. This vast empirical literature has focussed
on the acceptance of, e.g. organic, fair trade, functional or genetically modified food
(e.g. Bredahl 2001; Ozcaglar-toulouse et al. 2006; Vermeir and Verbeke 2007; Arvola
et al. 2008; Mazzocchi et al. 2008; O’Connor and White 2010). Of note, in contrast to
farmers—who can actually decide to adopt or not to adopt one or more of these inno-
vations—consumers can only express their attitudes as to whether the farmers are using
or not using these innovations.
The modifications to the original TPB model used in this study are now described
(Fig. 1).
Given the importance of the values that motivate consumers towards the purchase of
organic and other ‘green’ food products (Zanoli and Naspetti 2002; Arvola et al. 2008;
Zhu et al. 2013), we modified the Bredahl and Chen extended TPB models and in-
cluded a further construct: the moral norm (Bredahl 2001; Dean et al. 2008). The core
of the adapted model remains with the two variables: attitude and intention. Attitude
towards adopting an innovation practice was further measured by two antecedents:
risks and benefits. The two ‘norms’ variables (the influence of ‘significant others’
expressed by the variable subjective norm, and the influence of strong individual ethical
beliefs as measured by the variable moral norm) are direct predictors of intention, sep-
arate from attitude and perceived behavioural control.
Based on this theoretical framework, the following hypotheses of consumer adoption
of innovations were formulated:
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H1. The attitude of dairy consumers towards dairy products applying one of these
innovations is positively associated with their intention to buy the product.
H2. The more that a consumer perceives an innovation as beneficial (H2a) or risky
(H2b), the more favourable or unfavourable, respectively, is the consumer attitude
towards its adoption.
H3. The more a consumer perceives the influence of social and peer pressure to be
favourable towards an innovation, the higher the consumer intention towards buying
dairy products where the innovation has been applied.
H4. Consumers with higher moral norm are more likely to have higher intention
towards buying dairy products that apply the sustainable innovations.
H5. The attitude towards dairy products that apply a sustainable innovation is more
favourable for regular organic consumers.
H6. The attitude towards dairy products that apply an innovation is more favourable
for female consumers.
Here, H1 and H3 follow directly from the original TPB model. H2 tests the
addition of the two antecedents of the variable attitude: (perceived) benefits and
risks. H4 tests the relevance of the additional ‘norm’ variable to explain the
intention to buy. The remaining two hypotheses (H5, H6) are postulated to em-
pirically test the role of two socio-demographic variables on the attitudes: organic
consumption and gender. Previous studies have reported that organic food con-
sumers have been shown to have environmental sustainability among their core
motivations (Zanoli and Naspetti 2002; Schösler et al. 2013), while women are
more likely to favour ethical, environmental friendly products than men (among
others: Magnusson 2001; Ureña et al. 2008; Ha-Brookshire Jung 2011; López-
Mosquera 2016).
Fig. 1 Consumer innovation acceptance model used in this survey
Naspetti et al. Agricultural and Food Economics             (2021) 9:1 Page 4 of 26
Methods
Data collection and operationalisation of the model
The data for the evaluation of the theoretical model were collected through a survey
sent out to a panel of 6969 consumers of organic and low-input dairy products. These
consumers had been recruited by a sub-contracted computer-aided web interview
agency across six European countries: Austria (AT), Belgium (BE), Denmark (DK),
Finland (FI), Italy (IT) and the United Kingdom (UK; here as England and Wales).
The survey questionnaire was divided into four sections. The first section was the
screening section, which was designed to recruit consumers who drank milk or used
other dairy products, who were responsible for the household food purchases and who
were not employed (as the consumer or someone else in the consumer’s household) in
the dairy supply chain (e.g. dairy foods industry or food processing) or in a market re-
search company.
The second section included the description of the novel production practices, of
agroforestry, prolonged maternal feeding and alternative protein source. Each of these
practices was presented to the respondents in a common format, using statements
about strengths and weaknesses, and threats and opportunities related to social,
technological, environmental, animal welfare, economic and policy arguments. The spe-
cific statements that were shown to the consumers are detailed in the Appendix. After
reading these three descriptions, the respondents were asked to rank each of the pro-
duction practices according to their preferences (1st, 2nd, 3rd).
The third section operationalised the constructs included in the model through 19 item-
ised questions, to allow estimation of the modified TPB model using confirmatory factor
analysis (CFA) and structural equation modelling (SEM). The measures used, their defini-
tions, their reference sources and the scale items are given in Table 1. As indicated above,
six constructs were included in the model and questionnaire: perceived risks (3 items;
Bredahl 2001; Tung et al. 2008), perceived benefits (3 items; Bredahl 2001; Tung et al.
2008), moral norm (3 items; Bredahl 2001; Dean et al. 2008), subjective norm (3 items;
O’Connor et al. 2006; Dean et al. 2008; Ottar et al. 2008; Tung et al. 2008), perceived be-
havioural control (3 items; Bredahl 2001; Saba and Messina 2003; Tung et al. 2008) and
attitude towards the production practices (3 items; Bredahl 2001; Cook and Fairweather
2007; Davis et al. 1992; Tung et al. 2008).
All multi-item constructs were measured using a seven-point Likert scale (from 1,
strongly disagree, to 7, strongly agree). One item of the perceived behavioural control con-
struct (v9) was measured using a different seven-point Likert scale (from 1, no control, to 7,
complete control).
For parsimony in the administration of the questionnaire, many constructs were just iden-
tified; i.e. had only three indicators per latent construct. This is the minimum requirement
to identify a CFA model (Kline 2011). Purchase intention was measured as a single item
variable (v19). Only one production strategy was proposed in a randomised order to be eval-
uated in more detail through the 19 itemised questions; all of the items were also rando-
mised, except the one to measure behavioural intention, which was always presented last.
The fourth section of the survey dealt with socioeconomic information (e.g. gen-
der, age, level of education, net income) and questions to collect data on the re-
spondent knowledge and attitudes towards the purchase of organic dairy products.
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Table 1 Definition of the multi-item constructs (original items)
Construct Definition Item Item wording
Perceived risks (Bredahl 2001;
Tung et al. 2008)
Risk perceptions associated with
the adoption of the production
practice in the supply chain
v1 Overall, applying this innovation
to dairy production involves
considerable risk to the
environment, the animals,
myself and other people
that are important to me.
v2 Overall, applying this innovation
to dairy production will prove
harmful to the environment, the
animals, myself and other people
that are important to me.
v3 Overall, applying this innovation
to dairy production will prove
disadvantageous to the
environment, the animals, myself





Benefit perceptions associated with
the adoption of the production
practice in the supply chain
v4 Overall, applying this innovation
to dairy production will prove
beneficial to the environment, the
animals, myself and other people
that are important to me.
v5 Overall, applying this innovation to
dairy production will offer great
benefits to the environment, the
animals, myself and other people
that are important to me.
v6 Overall, applying this innovation
to dairy production will prove
advantageous to the environment,
the animals, myself and other
people that are important to me.
Perceived behavioural control
(PBC) (Bredahl 2001; Saba and
Messina 2003;
Tung et al. 2008)
The perceived ease or difficulty of
buying a product from farms
applying the production practice
v7 If dairy products produced on
farms utilizing [A. agroforestry; B.
alternative protein sources; C.
prolonging maternal feeding] were
available in the stores nothing
would deter me from buying
them.
v8 Whether I would buy dairy
products produced on farms
utilizing [A. agroforestry; B.
alternative protein sources; C.
prolonging maternal feeding]—if
available in the stores—is entirely
up to me.
v9 How much control do you believe
you have over whether or not you
purchase dairy products produced
on farms utilizing [A. agroforestry;
B. alternative protein sources; C.
prolonging maternal feeding] for




Dean et al. 2008)
A consumer’s personal beliefs
regarding what is right or wrong
v10 Buying dairy products produced
on farms utilizing [A. agroforestry;
B. alternative protein sources; C.
prolonging maternal feeding] feels
like the morally right thing to do.
v11
(R)
Buying dairy products produced
on farms utilizing [A. agroforestry;
B. alternative protein sources; C.
prolonging maternal feeding] goes
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The questionnaire used in the survey was written in English and translated into the
other languages by mother-tongue researchers. Back-translation was used to check that
the original sense of each question was not lost in the translations. Extensive cross-
checking, editing and pre-testing was conducted before administering the survey. After
data collection, eligibility and consistency checks were performed, and 5497 consumer
responses were retained.
The eligibility criteria for the sample were the following:
 Being responsible for the family food shopping
 Not being employed (the consumer or someone else in the consumer’s household)
in one of the following professions: dairy food industry or food processing, or a
market research company
Table 1 Definition of the multi-item constructs (original items) (Continued)
Construct Definition Item Item wording
against my basic principles.
v12 Buying dairy products produced
on farms utilizing [A. agroforestry;
B. alternative protein sources;
C. prolonging maternal feeding]
would make me feel like a better
person.
Subjective norm (SN)
(Dean et al. 2008;
O’Connor et al. 2006;
Olsen et al. 2008;
Tung et al. 2008)
A consumer’s perception of
relevant opinions on whether to
purchase a dairy product from
farms applying the production
practice
v13 Most people who are important
to me would approve of me
buying dairy products produced
on farms utilizing [A. agroforestry;
B. alternative protein sources;
C. prolonging maternal feeding].
v14 Most people who I value think
that I should buy dairy products
produced on farms utilizing
[A. agroforestry; B. alternative
protein sources; C. prolonging
maternal feeding] if they were
available in the shops.
v15 My family would encourage me
to buy dairy products produced
on farms utilizing [A. agroforestry;
B. alternative protein sources;
C. prolonging maternal feeding].
Attitude (ATU) (Bredahl 2001;
Cook and Fairweather 2007;
Davis et al. 1992;
Tung et al. 2008)
Consumer positive or negative
feeling associated with the
adoption of the production
practice
v16 The introduction of such innovation
in the supply chain would be
acceptable for me.
v17 All things considered introducing
such an innovation in the dairy
supply chain is not a good idea.
v18 Applying such an innovation in
the dairy supply chain would be
wise.
Intention to purchase
(Venkatesh et al. 2003)
Consumer intention to purchase a
dairy product from farms applying
the production practice
v19 All things considered, if dairy
products produced on farms
utilizing [A. agroforestry;
B. alternative protein sources;
c. prolonging maternal feeding]
were available in the shops,
I would definitely buy them.
(R) reverse ranking
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 Buying milk and other dairy products for personal consumption and/or for other
members of the consumer’s household
According to these criteria, 778 respondents were deemed ineligible. Also, 668
‘speeders’ were excluded from the final sample (i.e. those who used less than 4.5 min to
complete the survey).
Data analysis
Estimation of the CFA and SEM models was performed using a robust (Satorra-Bentler)
maximum likelihood estimator (Satorra and Bentler 1994; Hancock and Mueller 2013)
using Mplus 8 (Muthén and Muthén 2017). We conducted a post hoc analysis to perform
further model invariance tests finalised to latent means difference testing:
 Across non-organic, occasional and regular organic consumers (levels of organic
experience)
 Across genders (male vs. female)
In addition, latent means difference tests were carried out to check whether for each
alternative production practice there were different mean attitudes across countries.
Results
Sample socio-demographics
The majority of the respondents included (i.e. consumers) had attained secondary edu-
cation, with some differences across the countries. A comparison with Eurostat (2014a)
data showed that the consumers with tertiary education were over-represented in this
sample, which was particularly evident for Belgium and Italy1. The full sample descrip-
tion is given in Table 2.
The majority of the consumers’ households in the overall samples (59%) had a net in-
come below the official average monthly wage for the selected countries (about 2366
euros per month). The median wage was 1500–2500 euros per month. According to
the country means, 32.8% of households received on average 2269 euros per month,
with Italy as the lowest (1983 euros per month; standard deviation 0.9) and Denmark
the highest (2619 euros per month; standard deviation 1.1). The inequality in income
distribution was measured by the Gini index (Fig. 2). These data showed that the
household monthly net income distribution for this sample was a little lower than the
official statistics from Eurostat (2014b).
The mean number of people in each of the consumers’ households was a little over
two, with the exception of Italy, which exceeded three people. The majority of these
households were made up of couples (36.7%).
With respect to the consumer experience with organic products, as measured by the
proxy variable ‘self-reported frequency of purchase’, they were divided into three
groups: non-organic consumers (consuming organic products less than once per
month), occasional organic consumers (consuming organic products at least once or
1For the mean of the five countries studied, Eurostat (2014a) reports the following educational attainment
levels: less than secondary education, 25.7%; secondary education, 45.1%; and tertiary education, 29.3%.
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Table 2 Description of the sample
Group Country Total
AT BE DK FI IT UK
Valid respondents (N) 905 901 893 904 985 909 5497
Gender (%)
Male 41.4 43.1 47.8 45.9 31.8 40.4 41.6
Female 58.6 56.9 52.2 54.1 68.2 59.6 58.4
Age range, in years (%)
18–29 25.1 18.8 16.5 21.5 26.8 8.4 19.6
30–45 37.1 29.6 28.8 29.0 50.0 25.9 33.6
46–65 34.0 44.7 43.9 39.4 21.4 49.4 38.5
Over 65 3.8 7.0 10.9 10.2 1.7 16.4 8.2
Household monthly net income, in Euro (%)
Less than 1500 27.0 20.1 18.6 28.2 30.1 30.6 25.8
1501–2500 36.6 34.7 27.5 24.0 41.2 31.8 32.8
2501–3500 25.2 28.9 22.5 23.7 21.5 19.6 23.5
Over 3500 11.3 16.3 31.4 24.1 7.2 18.0 17.9
Years of formal education (%)
Less than secondary education (up to 10 years) 45.5 17.4 30.6 15.0 1.0 35.5 23.8
Secondary education (12–13 years) 36.4 34.9 37.4 53.1 51.8 20.4 39.1
Tertiary education (more than 13 years) 18.1 47.7 32.0 31.9 47.2 44.1 37.0
Experience with organic products (%)
Non-organic consumers 24.1 44.9 40.5 62.8 25.2 62.1 43.0
Occasional consumers 30.1 27.5 28.1 22.9 25.0 18.8 25.2
Regular consumers 45.8 27.6 31.4 14.3 50.8 19.1 31.8
Fig. 2 Gini index for net income per country
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twice per month) and regular organic consumers (consuming organic products once or
more per week). Organic self-reported regular consumers represented about one third
of the overall sample, occasional consumers one fourth, and the remaining 43% were
non-organic consumers.
Evaluation of the measurement model and assessment of cross-culture validity
Cross-culture validity refers to the measurement invariance across the different nation
groups and reflects ‘the extent to which the data collected by the same measurement
instrument are comparable across different cultural environments’ (Bredahl 2001).
Confirmatory factor analysis was conducted on multi-item scales for each practice
across each country, such as attitude, subjective norm, moral norm, perceived behav-
ioural control, perceived benefits and perceived risks. Given that the multi-item latent
variables were measured by ordered categorical indicators, inspection of the data sug-
gested a robust estimation method for departure from normality. Following Finney and
Di Stefano (in Hancock and Mueller 2013), we used Satorra-Bentler scaling of the vari-
ables with maximum likelihood estimation.
Estimation of the CFA models for each practice and cross-country validation resulted
in the exclusion of perceived risks and perceived behavioural control from the final
measurement model (they also showed poor reliability; i.e. Cronbach’s alpha < 0.63;
King and He 2006). The following items were also excluded from the analysis: v11 (in
moral norm) and v13 (in subjective norm). All of the measurement statistics for each
novel production strategy are given in Table 3, 4 and 5, while the tests of the validity of
the CFA models are given in Table 6.















Perceived benefits .90 .89 .73
v4 0.85* 5.21 1.19
v5 0.86* 5.13 1.21
v6 0.85* 5.19 1.20
Moral norm (MN) .79 .78 .64
v10 0.85* 5.13 1.22
v12 0.75* 4.62 1.35
Subjective norm (SN) .80 .71 .55
v14 0.70* 4.28 1.35
v15 0.78* 4.39 1.41
Attitude (ATU) . 74 .76 .52
v16 0.80* 5.41 1.26
v17 0.47* 4.89 1.60
v18 0.84* 5.16 1.22
*p < .001
aConstructs not included in the final measurement model (N.B. only retained item loadings are included)
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Perceived benefits .89 .90 .75
v4 0.87* 5.04 1.30
v5 0.86* 4.98 1.33
v6 0.87* 4.98 1.32
Moral norm (MN) .78 .79 .66
v10 0.85* 5.09 1.38
v12 0.77* 4.63 1.46
Subjective norm (SN) .71 .79 .66
v14 0.78* 4.24 1.47
v15 0.84* 4.32 1.51
Attitude (ATU) .72 .77 .54
v16 0.79* 5.31 1.30
v17 0.49* 4.75 1.65
v18 0.87* 5.02 1.29
*p < .001
aConstructs not included in the final measurement model (N.B. only retained item loadings are included)











Perceived risksa .87 .87 .68
Perceived behavioural control (PBC)a .34 .33 .19
Perceived benefits .90 .89 .73
v4 0.86* 4.65 1.33
v5 0.84* 4.64 1.30
v6 0.86* 4.68 1.30
Moral norm (MN) .78 .78 .63
v10 0.83* 4.61 1.38
v12 0.76* 4.09 1.43
Subjective norm (SN) .74 .74 .59
v14 0.78* 3.88 1.39
v15 0.76* 3.91 1.49
Attitude (ATU) .78 .80 .57
v16 0.80* 4.92 1.35
v17 0.55* 4.41 1.58
v18 0.88* 4.70 1.32
*p < .001
aConstructs not included in the final measurement model (N.B. only retained item loadings are included)
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These results were not surprising. Perceived behavioural control is rarely significant
in most of the reviewed literature. The exclusion of perceived risks from the final meas-
urement model was also not unexpected, as consumers do not perceive any significant
risks should the farmers adopt any of the tested practices.
Tables 7, 8 and 9 report the results of the measurement invariance tests for each pro-
duction practice. Multiple-sample CFA were run across the various countries: chi-
square difference tests are reported for configural vs. metric and metric vs. scalar meas-
urement invariance. These invariance tests are affected by the overall sample size (very
large here), which led to rejection of the invariance in most cases. Therefore, following
Cheung and Rensvold (2002) and Meade et al. (2008), we also report the Bentler Com-
parative Fit Index (CFI): changes in CFI (ΔCFI) ≤ 0.01 indicate that the null hypothesis
Table 6 Testing the factorial validity of the confirmatory factor analysis models
Construct Items included in each model
Full model Model 0 Model 1 Model 2 Model 2 AF Model 2 MF Model 2 PS
Perceived risksb
v1 ✓ ✓ ✓
v2 ✓ ✓ ✓
v3 ✓ ✓ ✓
Perceived benefits
v4 ✓ ✓ ✓ ✓ ✓ ✓ ✓
v5 ✓ ✓ ✓ ✓ ✓ ✓ ✓
v6 ✓ ✓ ✓ ✓ ✓ ✓ ✓





v10 ✓ ✓ ✓ ✓ ✓ ✓ ✓
v11 ✓
v12 ✓ ✓ ✓ ✓ ✓ ✓ ✓
Subjective norm (SN)
v13 ✓
v14 ✓ ✓ ✓ ✓ ✓ ✓ ✓
v15 ✓ ✓ ✓ ✓ ✓ ✓ ✓
Attitude (ATU)
v16 ✓ ✓ ✓ ✓ ✓ ✓ ✓
v17 ✓ ✓ ✓ ✓ ✓ ✓ ✓
v18 ✓ ✓ ✓
Model fit
RMSEA NAa 0.052 0.057 0.034 0.036 0.042 0.035
P(RMSEA) ≤ 0.05 NAa 0.08 0.00 1.00 0.998 0.948 0.999
CFI NAa 0.963 0.967 0.993 0.992 0.988 0.992
SRMR NAa 0.052 0.056 0.019 0.021 0.023 0.020
RMSEA root mean square error of approximation, P(RMSEA) ≤ 0.05 p value of the close-fit hypothesis, CFI Comparative Fit
Index, SRMR standardised root mean square residual
aThe latent variable covariance matrix is not positive definite
bConstructs not included in the final measurement model
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of invariance should not be rejected. Agroforestry showed metric invariance, meaning
that there were equal factor loadings across countries. Both prolonged maternal feeding
and alternative protein source, on the other hand, showed the stronger form of cross-
cultural validity (scalar invariance), which means that the factor loadings and inter-
cepts/thresholds were equal across the countries.
Convergent validity is supported by the high and significant standardised loadings for
the measures (Anderson and Gerbing 1988). Multiple-group measurement invariance
was also tested for two relevant socio-demographic variables, experience (non-organic
vs. occasional and regular consumers) and gender (male vs. female), to determine
whether differences in the latent means could be explored for these cases. Again, ex-
ploration of the ΔCFI indicated that neither the null hypotheses of metric nor scalar in-
variance should be rejected (results not shown).
Finally, measurement invariance was also tested for the pooled country data across
the three production practices, to determine whether it was possible to proceed to test
a pooled structural equation model across both countries and innovations. As metric
invariance was not rejected for all of the production practices, we can report the results
of the pooled CFA models (covering AT, BE, DK, FI, IT, UK), all of which showed close
fits (Table 10). In the pooled CFA models, all of the loadings of variables were signifi-
cant and above the 0.50 threshold.
Ranking of innovative production strategies
Respondents were asked to read a brief description of each of the novel production
strategies and then to rank these in their order of preference according to their per-
sonal point of view. Figures 3, 4 and 5 report the country differences for each novel
production strategy. These pooled results show that the production strategy ‘prolonged
maternal feeding’ was ranked first by 42.1% of the consumers and second by 31.8%, for
a total of 73.7%. ‘Agroforestry’ was a little less favoured, as it was ranked first by a third
of the consumers (33.3%) and was ranked second by another 38.2%, for a total of
Table 7 Tests of cross-country measurement invariance—agroforestry
Model χ2 DF Correction factor Corrected χ2 P value CFI ΔCFI
Configural (C) 261.490 162 1.513 0.987
Metric (M) 307.056 192 1.475 0.985 0.002
Scalar (S) 476.698 222 1.413 0.966 0.019
Diff. C vs M 45.116 30 1.270 45.104 0.038
Diff. M vs S 218.114 30 1.016 217.149 0.000
Table 8 Tests of cross-country measurement invariance—prolonged maternal feeding
Model χ2 DF Correction factor Corrected χ2 P value CFI ΔCFI
Configural (C) 247.698 174 1.541 0.991
Metric (M) 295.776 204 1.480 0.989 0.002
Scalar (S) 391.889 234 1.419 0.981 0.008
Diff. C vs M 48.078 30 1.125 49.769 0.013
Diff. M vs S 96.113 30 1.004 117.851 0.000
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71.5%. Although there were differences across the countries, ‘alternative protein source’
was the least preferred strategy by the respondents: only 24.6% of them ranked it first.
Attitude towards behaviour and intention to purchase
The consumer attitude towards adopting dairy food products from farms that used
each of the alternative production practices was measured according to the three items
described above and given in Table 1. By inspecting the mean ratings (Table 11) for all
of the countries taken together, we can conclude that attitude towards behaviour was
significantly higher for dairy products produced using prolonged maternal feeding than
for agroforestry, while the practice of alternative protein source had a significantly
lower mean rating than these other two.
The intention to purchase products that were produced using these three practices
was measured according to a single seven-point bipolar item (i.e. extremely likely to ex-
tremely unlikely). As shown in Figs. 6, 7 and 8, for all three of the practices, the modal
category was ‘somewhat likely’ (i.e. a value of 5 in the Likert scale adopted), although
for alternative protein sources the category ‘neither likely nor unlikely’ was chosen with
almost the same frequency (Fig. 8).
Through inspection of the mean ratings for all of the countries taken together (Table 12),
we can conclude that intention to purchase was a little higher for dairy products produced
using agroforestry than prolonged maternal feeding. Consistent with the overall observed
pattern of rankings, the practice of alternative protein source had the lowest mean rating
here, and it followed a more skewed distribution.
Results of the structural equation model
For the analysis of the structural equation model, the full sample of consumers was
used (i.e. 5497 complete responses). Each consumer rated only one single practice. As
these data showed measurement invariance, we could proceed by estimating one
pooled cross-country model for each alternative production practice. The estimated
structural equation models for each alternative production practice are presented in
Table 9 Tests of cross-country measurement invariance—alternative protein source.
Model χ2 DF Correction factor Corrected χ2 P value CFI ΔCFI
Configural (C) 234.113 162 1.501 0.991
Metric (M) 280.778 192 1.435 0.989 0.002
Scalar (S) 392.522 222 1.376 0.980 0.009
Diff. C vs M 46.665 30 1.078 47.759 0.021
Diff. M vs S 111.744 30 1.002 137.107 0.000
Table 10 Pooled confirmatory factor analysis model fit indices
Model χ2 df P value RMSEA SRMS
R
CFI
Value 90% CI Probability (≤ 0.05)
Agroforestry 90.74 27 < 0.001 0.036 0.28–0.44 0.998 0.021 0.992
Prolonged maternal feeding 114.10 27 < 0.001 0.042 0.34–0.05 0.948 0.023 0.988
Alternative protein source 86.74 27 < 0.001 0.035 0.27–0.43 0.999 0.020 0.992
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Figs. 6, 7 and 8. All three of the models showed close fits with the observed data, as re-
ported in Table 13.
Inspection of the models made it clear that while the three production practices
shared an invariant measurement part, they had a non-invariant structural part that
distinguished each practice from each of the others in terms of how the consumer atti-
tudes and purchase intentions were formed. First of all, in the agroforestry model, the
path moral norm to intention to purchase was not significant (and therefore could be
deleted). Intention is explained by attitude and, to a lower extent, by subjective norm.
This was specific to agroforestry, as the other two production practices appeared to
have a more similar structural part in both the formation of consumer attitude towards
Fig. 3 Ranking of ‘agroforestry’ by country (%)
Fig. 4 Ranking of ‘prolonged maternal feeding’ by country (%)
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the proposed production practices and in the formation of the intention to purchase.
In all cases, perceived benefits were highly correlated with attitude, which in turn was
the most relevant factor that influenced intention to purchase for all of the practices
except for alternative protein sources. For this last innovative practice, consumer atti-
tude was much lower, and it basically had the same influence on intention to buy as
moral norm. Moral norm appeared to be a more relevant antecedent of intention to
purchase than subjective norm if agroforestry was excluded, where it was not a signifi-
cant predictor of intention, as previously shown (Figs. 9, 10 and 11).
Post hoc analysis
Full metric invariance held across both levels of organic experience and gender and
across countries. Therefore, we proceeded in the testing for latent means differences in
attitude.
Table 14 gives the results for the means difference testing of attitude towards each of
these innovative production practices across gender and levels of experience. The re-
sults in terms of attitude towards the three alternative innovative production practices
show that females are more favourable (i.e. exhibit higher values for attitude) thane
men. Organic consumers (both regular and occasional) are more favourable than non-
organic consumers. These results will be discussed in details below, in relation to their
respective hypotheses.
Fig. 5 Ranking of ‘alternative protein source’ by country (%)
Table 11 Descriptive statistics for attitude towards behaviour (all countries)
Model Mean Standard deviation
Agroforestry 4.73a 1.08
Prolonged maternal feeding 4.83b 0.99
Alternative protein sources 4.36c 1.06
Values with different superscript letters are significantly different (p > 0.01; Bonferroni adjusted)
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Table 15 gives the results for the means difference testing of attitude towards each of
these innovative production practices across the countries. The results show that there
are not many differences among these countries in terms of attitude towards the three
alternative innovative production practices.
Table 15 gives the results for the means difference testing of attitude towards each of
these innovative production practices across the countries. The results show that there
are not many differences among these countries in terms of attitude towards the three
alternative innovative production practices. The only statistically significant differences
were the following:
 Finnish consumers appear much less favourable than all of the others to prolonged
maternal feeding, followed by the UK consumers.
Fig. 6 Intention to purchase ratings: ‘agroforestry’ (%; pooled all countries)
Fig. 7 Intention to purchase ratings: ‘prolonged maternal feeding’ (%; pooled all countries)
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 Italian consumers were more favourable than all of the others to agroforestry,
followed by the Finnish consumers. All of the consumers in the other countries do
not differ in terms of their attitude towards agroforestry.
 There were no country differences in terms of consumer attitudes towards
alternative protein sources.
These country variations are expected, but we can conclude that attitudes are, overall,
relatively homogenous across Europe.
Discussion
Explanatory power and testing of the hypotheses
The models provided good insights into the formation of attitudes and purchase inten-
tions towards dairy products obtained using these three production practices.
Hypothesis 1 was clearly supported. As we were simply measuring the attitudes to-
wards these practices, this finding confirms the strength of the Bredahl (2001) and
Chen (2008) purchase intention models.
Hypothesis 2 was partially supported, in the sense that perceived benefits appear to
be strongly driving attitude, while given the nature of the proposed technological im-
provements, perceived risks did not have any role in our model.
Hypothesis 3 was supported, where the role of subjective norm in influencing inten-
tions was confirmed for all of the production practices.
Fig. 8 Intention to purchase ratings: ‘alternative protein source’ (%; pooled all countries)
Table 12 Descriptive statistics for intention to purchase ratings (all countries)
Model Mean Standard deviation
Agroforestry 5.0a 1.2
Prolonged maternal feeding 4.9a 1.4
Alternative protein sources 4.4b 1.4
Values with different superscript letters are significantly different (p > 0.01; Bonferroni adjusted)
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Hypothesis 4 referred to the relevance of moral norm as an antecedent of intention
to purchase, and it was supported for two of the innovative production practices out of
three.
The results of post hoc analysis allow the testing of Hypotheses 5 and 6.
Regarding the former (hypothesis 5), occasional organic consumers appeared to have
a more favourable attitude towards all of these innovations than non-organic con-
sumers, while regular consumers were even more favourable (i.e. exhibited a higher
mean difference). One significant exception was for alternative protein source, where
regular consumers showed a lower positive attitude than occasional consumers. All of
the differences in the means and standardised effects sizes (differences standardised in
terms of standard deviation) were significant (p < 0.01).
We can conclude here that occasional organic consumers are, on average, about 0.24
of a standard deviation greater than non-consumers in terms of favourable attitude to-
wards agroforestry, 0.18 of a standard deviation greater than non-consumers in terms
of favourable attitude towards prolonged maternal feeding and 0.35 of a standard devi-
ation greater than non-consumers in terms of favourable attitude towards alternative
protein source.
Regular consumers were, on average, about 0.28 of a standard deviation greater than
non-consumers in terms of favourable attitude towards agroforestry, 0.37 of a standard
deviation greater than non-consumers in terms of favourable attitude towards
Table 13 Pooled SEM model fit indices





Value 90% CI Probability (≤ 0.05)
Agroforestry 131.70 36 < 0.001 0.038 0.31–0.45 0.997 0.023 0.988
Prolonged maternal feeding 127.72 36 < 0.001 0.037 0.30–0.44 0.999 0.021 0.990
Alternative protein source 121.34 36 < 0.001 0.036 0.29–0.48 0.999 0.020 0.990
Fig. 9 Final pooled model for ‘agroforestry’. Standardised parameter estimates are shown with associated
standard errors in parentheses
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prolonged maternal feeding and 0.24 of a standard deviation greater than non-
consumers in terms of favourable attitude towards alternative protein source.
Hypothesis 5 was also not rejected. Together with hypothesis 4, this allowed us to
conclude that the more value-driven consumers are, the more favourable they are to-
wards these sustainable production practices.
For hypothesis 6, these data also favour a highly significant difference between
women and men in terms of attitude towards all of the practices except alternative pro-
tein source. Women were, on average, 0.19 of a standard deviation greater than men in
terms of favourable attitude towards agroforestry and 0.17 of a standard deviation
greater than men in terms of favourable attitude towards prolonged maternal feeding.
Conclusions
This study examined how a number of socio-psychological constructs and personal
characteristics affect consumer attitudes and intentions towards dairy products ob-
tained through using three innovative and sustainable production practices: agrofor-
estry, prolonged maternal feeding and alternative protein sources. Across all of these
countries, prolonged maternal feeding was the production practice that showed the
highest level of acceptance by consumers. The least accepted practice was alternative
protein source for the feeding of dairy cows.
The following conclusions can be drawn from these data:
1. Prolonged maternal feeding was the most accepted practice by consumers. This
strategy would clearly increase the production cost for dairy farmers by limiting
the milk that is available for sale. Therefore, it might be a viable solution only if the
farmers received adequate monetary compensation for potential losses. Further
Fig. 10 Final pooled model for ‘prolonged maternal feeding’. Standardised parameter estimates are shown
with associated standard errors in parentheses
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Fig. 11 Final pooled model for ‘alternative protein source’. Standardised parameter estimates are shown
with associated standard errors in parentheses
Table 14 Latent mean difference, variance and effect sizes for attitude—gender (reference: males)
and experience (reference: non-organic) comparisons
Statistic/model Gender comparison (vs. M) Experience comparison (vs. NO)
M F NO OO OR
Mean difference
Agroforestry 0 0.185 0 0.233 0.29
Prolonged maternal feeding 0 0.168 0 0.174 0.368
Alternative protein source 0 0.073 0 0.354 0.25
Mean variance
Agroforestry 1.029 0.993 0.978 0.879 1.123
Prolonged maternal feeding 1.05 1.055 1.108 0.905 1.048
Alternative protein source 1.127 1.175 1.05 1.066 1.29
Effect Size
Agroforestry 0.184 0.240 0.284
Prolonged maternal feeding 0.164 0.178 0.367
Alternative protein source 0.069 0.352 0.237
Sample size (n)
Agroforestry 759 1070 769 472 588
Prolonged maternal feeding 727 1125 794 475 583
Alternative protein source 799 1017 801 438 577
Bold indicates significant differences/effect sizes (p < 0.05)
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investigations into the willingness-to-pay associated to these practices are needed,
although this is beyond the scope of the present study.
2. Alternative protein source appears not to be fully understood by consumers as a
practice that might be of benefit to them. Indeed, consumer knowledge of the
animal production process is very basic (Frewer et al. 2005; McEachern and
Seaman 2005; Di Pasquale et al. 2014), and therefore, this result is not particularly
surprising. One explanation might be that the consumers perceived the innovative
practice as mainly of benefit to the farmers, as they might not have fully
understood the importance in terms of food safety and traceability of reducing the
outsourcing of protein by farmers.
3. Agroforestry appears to be of low interest for consumers. As a practice, it has
different acceptance in different countries, given the differences in their dairy
systems. If coupled with an approach that increases grazing and, more generally,
favours grass-fed dairy systems, agroforestry might be an important practice that
would appeal to both consumers and policymakers. It might also help in the pursu-
ing of other societal goals (e.g. low-carbon sustainable production, use of forage
that does not compete with human food production). Further investigation into
the acceptance by other supply chain members is needed.
As a general conclusion, this study has shown that sustainable dairy farming practices
that are not perceived as addressing relevant ethical concerns or producing easily per-
ceivable societal benefits are not likely to be accepted by consumers. Given that organic
dairy products are well accepted by consumers, who are ready to pay more for them,
the proposed innovations are likely to be relevant only if they become part of organic
best practices.
Table 15 Latent mean difference, variance and effect sizes for attitude—country comparisons
(reference country: AT)
Statistic/model Country comparison (vs. AT)
AT BE DK FI IT UK
Mean difference
Agroforestry 0 − 0.123 0.016 0.163 0.503 0.025
Prolonged maternal feeding 0 − 0.111 − 0.154 − 0.332 0.092 − 0.188
Alternative protein source 0 − 0.161 0.02 0.104 0.022 − 0.164
Mean variance
Agroforestry 1.02 0.741 1.091 0.927 0.999 1.131
Prolonged maternal feeding 1.022 0.915 0.933 1.055 1.189 1.191
Alternative protein source 1.202 1.153 1.03 1.112 1.192 1.225
Effect Size
Agroforestry − 0.131 0.016 0.165 0.501 0.024
Prolonged maternal feeding − 0.113 − 0.156 − 0.326 0.087 − 0.179
Alternative protein source − 0.155 0.020 0.101 0.021 − 0.155
Sample size (n)
Agroforestry 306 297 296 300 329 301
Prolonged maternal feeding 299 312 300 305 327 309
Alternative protein source 300 292 297 299 329 299
Bold indicates significant differences/effect sizes (p < 0.05)
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A number of potential limitations can be identified here. First, this study was fo-
cussed on behavioural intention, rather than actual or hypothetical choice of prod-
ucts that were produced using the identified practices. While intention is a
necessary condition, it is not a sufficient condition for actual consumer choice.
Furthermore, actual choice implies not only acceptance, but also evaluation of con-
sumer perceived costs to counter the benefits of the proposed innovations. A study
on actual or hypothetical choice implies a different design and is left for future
research.
Appendix
Information presented on the alternative production practices:
1. Agroforestry
(a) Integration of animals (i.e. cows, sheep) and trees on the same plot of land
(b) Innovation strengths/opportunities:
I. Enables production of wood, forage, livestock and fruit or nuts (depending
on trees chosen) on the same plot of land, which improves farm revenue
II. Increases soil and plant biodiversity and carbon sequestration and reduces
soil erosion
III. Trees offer shelter to grazing animals, which benefits animal welfare
(c) Innovation weaknesses/threats:
I. High initial financial investment for the purchase of trees and ongoing
management input
II. Forage value of the leaves for animal nutrition is largely unknown.
III. Trees may be damaged by livestock that eat, step on or rub against them.
2. Prolonged maternal feeding
(a) Calves and lambs can suckle directly from their mothers (or a foster mother)
for the first 3–5 months after they are born.
(b) Innovation strength/opportunities:
I. Maternal feeding provides natural immunity for the animals
II. Improvement in animal welfare, as animals are allowed to exhibit natural
behaviour
III. Additional costs of buying milk replacer to feed the calves/lambs can be
avoided.
(c) Innovation weaknesses/threats:
I. Provision is needed for changes in the housing/handling of both the mother
and the offspring.
II. Separation causes mother and offspring stress as they have had time to
develop a strong social bond.
III. Reduction in the amount of milk available to sell commercially during the
calf/lamb suckling period
3. Alternative protein source
(a) Use of home-grown protein crops, such as lupins, beans and peas, as animal
feed
(b) Innovation strength/opportunities:
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I. Reduces the amount of imported soya from outside the EU and therefore
reduces the risk of contamination of the European food chain by genetically
modified organisms
II. Cultivation of protein crops, such as field beans and peas, has a
fundamental role in organic/low-input agriculture by improving soil fertility.
III. Farmers can produce animal feed on the farm and therefore avoid extra
costs associated with third party supplies, logistics, delivery and handling.
(c) Innovation weaknesses/threats:
I. Limited research available to determine the effects of alternative proteins on
dairy animal production and long-term impact on health and fertility
II. Protein content and biological value of local alternative protein crops are
often lower than for soya.
III. Locally home-grown alternative proteins might be insufficient to fulfil year
round demand of dairy farms, and therefore feed from external sources
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